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Summary 

To promote energy diversity and improve energy security, Congress has expressed interest in 
biopower — electricity generated from biomass. Biopower, a baseload power source, can be 
produced from a large range of biomass feedstocks nationwide (e.g., urban, agricultural, and 
forestry wastes and residues). The two most common biopower processes are combustion (e.g., 
direct-fired or co-fired) and gasification, with the former being the most widely used. Proponents 
have stated that biopower has the potential to strengthen rural economies, enhance energy 
security, and minimize the environmental impacts of energy production. Challenges to biopower 
production include the need for a sufficient feedstock supply, concerns about potential health 
impacts to nearby communities from the combustion of biomass, and its higher generation costs 
relative to fossil fuel-based electricity. At present, biopower generally requires tax incentives to 
be competitive with conventional fossil fuel-fired electric generation. 

An energy production activity typically is classified as carbon neutral if it produces no net 
increase in greenhouse gas (GHG) emissions on a life-cycle basis. The legislative record shows 
minimal debate about the carbon status of biopower. The argument that biopower is carbon 
neutral has come under scrutiny in debate on its potential to help meet U.S. energy demands and 
reduce U.S. GHG emissions. Whether biopower is considered carbon neutral depends on many 
factors, including the definition of carbon neutrality, feedstock type, technology used, and time 
frame examined. Carbon flux (emission and sequestration) varies at each phase of the biopower 
pathway, given site- and operation-specific factors. A life-cycle assessment (LCA) is a common 
technique to calculate the environmental footprint, including the carbon flux, of a particular 
biopower pathway. However, past legislation would not have required a standardized LCA for 
biopower. 

The carbon-neutral status of biopower may be of concern to stakeholders, especially if Congress 
expands support for biopower. Questions such as where the feedstock supply for biopower 
originates, if it is managed in a sustainable manner, and whether the associated air-quality 
impacts from biopower generation are tolerable are part of the biopower carbon-neutrality debate. 
Congress may decide whether the current approach regarding the carbon status of biopower is 
acceptable or whether additional carbon accounting for biopower is warranted and what impact 
this accounting might have on renewable energy, agricultural, and environmental legislative 
goals. 

Two recent actions by the executive branch — the U.S. Environmental Protection Agency’s 
(EPA’s) Clean Power Plan (CPP), which addresses carbon dioxide (CO 2 ) emission reductions 
from existing fossil fuel-fired electric power plants, and EPA’s proposed framework to account 
for biogenic CCE emissions from stationary sources — could focus attention on biopower’s carbon 
neutrality. The CPP requires states to devise a plan that allows them to reach a state-specific CO 2 
emission reduction goal by 2030, using various options, including renewable energy (e.g., 
biopower). In the CPP final rule, EPA specifies that “qualified biomass” may be included in a 
state plan given certain conditions. In November 2014, EPAreleased its second biogenic 
accounting framework. The framework addresses some of the EPA Science Advisory Board’s 
recommendations from the first framework, released in 20 1 1 , including the finding that “carbon 
neutrality cannot be assumed for all biomass energy a priori.” EPA acknowledges that the 
framework is an analytical methodology and that some stakeholders may consider it an example 
of how EPA may treat biogenic emissions in both the CPP and the Prevention of Significant 
Deterioration program. However, EPA reports that it “has not yet determined how the framework 
might be applied in any particular regulatory or policy contexts or taken the steps needed for such 
implementation.” 
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Introduction 

Biomass energy, or bioenergy, may receive more attention from stakeholders as an alternative to 
fossil fuels because of its potential to minimize the environmental impacts of energy production, 
provide energy security, and promote economic development. Biomass is organic matter — woody 
biomass, agricultural biomass, animal wastes, and aquatic biomass — that can be converted to 
energy (e.g., heat, electricity, or liquid transportation fuels). 1 One form of bioenergy is biopower, 
electricity generated from biomass (e.g., paper mill residues). As federal and state governments 
and others dedicate more resources to biopower, these same government agencies, along with 
environmentalists, biomass feedstock producers, and others, are paying more attention to the 
biopower carbon-neutrality issue. The carbon-neutral designation typically is assigned to an 
energy-production activity that essentially produces no net increase in greenhouse gas (GHG) 
emissions on a life-cycle basis (or one that absorbs the amount of carbon dioxide emitted during 
the power-production cycle). 2 Where biopower stands among the other renewable energy sources 
with respect to GHG emissions may affect the level of future legislative support granted to it. 

Many views exist about whether biopower is carbon neutral and how its net carbon status is 
determined. Some biomass feedstock producers and biopower generators, among other 
stakeholders, contend that biopower is carbon neutral because the carbon released during 
bioenergy production comes from a feedstock that removed the carbon from the atmosphere as it 
was growing — biomass. Some environmentalists, among others, argue that biopower is not 
carbon neutral because the amount of GHG emissions released per unit of energy during simple 
biopower combustion may be higher for certain biomass fuels than for fossil fuels or because, 
even if the GHG emissions from certain biomass fuels are lower than those from fossil fuels, they 
are still not zero. Stakeholders often base their perspectives on differing assumptions, 
technologies, and time frames. 

The debate concerning biopower’s designation as carbon neutral may intensify, given possible 
congressional and Administration decisions. Congress may consider legislation involving 
biopower (e.g., under renewable energy and clean energy assistance and energy efficiency). 
Additionally, biopower production may receive increased attention due to executive branch 
actions, such as the U.S. Environmental Protection Agency’s (EPA’s) Clean Power Plan 3 and 
EPA’s proposed framework to account for emissions of biogenic carbon dioxide (C0 2 ) from 
stationary sources. 

This report discusses some factors taken into account when considering whether biopower is 
carbon neutral. It does not discuss carbon accounting for other bioenergy pathways. 4 



1 For more information on biomass, see CRS Report R40529, Biomass: Comparison of Definitions in Legislation , by 
Kelsi Bracmort. 

“ The life cycle of a bioenergy pathway includes all stages of fuel and feedstock production and distribution, from 
feedstock generation or extraction through distribution, delivery, and use of the finished fuel by the ultimate consumer. 
The mass values for all greenhouse gases (GHGs) are adjusted to account for their relative global warming potential. 

3 For more information, see CRS Report R44145, EPA ’s Clean Power Plan: Highlights of the Final Rule , by Jonathan 
L. Ramseur and James E. McCarthy. 

4 Congress addressed carbon accounting for another major bioenergy pathway — liquid transportation biofuels — with a 
life-cycle emission analysis (a requirement within the Renewable Fuel Standard). For more information, see CRS 
Report R40460, Calculation of Lifecycle Greenhouse Gas Emissions for the Renewable Fuel Standard (RFS), by Brent 
D. Yacobucci and Kelsi Bracmort. 
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Biomass Carbon Cycle 

The carbon cycle encompasses the many pathways through which carbon is exchanged between 
the atmosphere and the land and water . 5 Human activities (also called anthropogenic activities ) 
contribute to the carbon cycle by emitting CCE. The human contribution of CCEto the carbon 
cycle is relatively small compared to other contributions, but CO2 released to the atmosphere 
from human activities is taken up by soils, vegetation, and the ocean at a slower rate than the rate 
at which human activities are emitting CO2. If the excess carbon is not stored in land and ocean 
sinks, the atmospheric concentration of CO2 increases, potentially impacting the Earth’s climate. 

One significant anthropogenic source of C 0 2 is energy production. The net effect of an energy 
activity on the carbon cycle can be classified in one of three ways. A carbon-positive activity 
releases CO2 into the atmosphere. A carbon-negative activity removes more CO2 from the 
atmosphere than it emits. A carbon-neutral activity is one in which the C 0 2 release and 
absoiption are essentially in balance. No commonly accepted definition for a carbon-neutral 
activity exists in the biopower arena. Those involved with bioenergy have put forth multiple 
assertions about carbon neutrality, including the following : 6 

• Biomass energy is carbon neutral because biomass is naturally carbon neutral. 

The premise is that if biomass is carbon neutral, then any product resulting from 
its use is also carbon neutral. 

• Biomass energy is carbon neutral if growing the biomass removes as much C 0 2 
as is emitted into the atmosphere from its combustion. 

• Biomass energy is carbon neutral only if the net life-cycle emissions are zero . 7 
Emissions include the emissions from the cultivation, harvest, and transportation 
of the biomass, as well as from its combustion. 

• Biomass energy is carbon neutral if it achieves lower net increases in 
atmospheric GHGs when compared to alternative energy activities. 

Each assertion raises issues. For instance, declaring that biomass energy is carbon neutral because 
biomass is naturally carbon neutral does not account for GHG emissions released due to 
management of crops grown for energy production (e.g., fertilizer). In addition, there may need to 
be additional plantings of certain biomass feedstocks to remove the C 0 2 emitted from biomass 
cultivated for energy production. 

The carbon cycles for a bioenergy system and a fossil fuel system differ in at least two ways: the 
carbon source (finite versus renewable) and the atmospheric carbon concentration (potentially 
stable versus additional; see Figure 1). Three main factors contribute to the amount of carbon 
emitted from biopower generation: feedstock production (cultivation and harvest), feedstock 
transport, and the biopower technology type. However, as noted by many sources, feedstock 
production also absorbs carbon during growth. 



5 Carbon is an elemental building block of molecules that make up all organisms on Earth. Carbon cycling is the 
process by which living things absorb carbon from the atmosphere, carbonate rocks and ocean deposits, dead organic 
matter in the soil, or food and return it to the atmosphere or soil by respiration, combustion, or decay. 

R. Miner, “Biomass Carbon Neutrality in the Context of Forest-based Fuels and Products,” U.S. Department of 
Agriculture (USDA) Bioelectricty and GF1G Workshop, Washington, DC, November 15, 2010. Some of the definitions 
are not mutually exclusive. 

7 A life-cycle assessment (LCA) accounts for the GF1G emissions from bioenergy production. The LCA is further 
discussed in “Greenhouse Gas Emission Accounting for Biopower Production,” below. 
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Greenhouse Gas Emission Accounting for 
Biopower Production 

Whether and how to conduct GHG emission accounting for biopower are issues that have been 
under consideration for the last few years. GHG emission accounting can be used to compare the 
environmental footprint of a biopower operation with that of a conventional fossil fuel operation 
(e.g., electricity from coal or natural gas ). 8 A life-cycle assessment (LCA) is one method to 
calculate the environmental footprint. The LCA is an analytic method for identifying, evaluating, 
and comparing the environmental impacts of emissions and the resource depletion associated with 
a specific process . 9 An LCA generally uses observed data and assumptions to model what GHGs 
are being released at each phase of the process. Ideally, an LCA would encompass economic and 
social factors for a more comprehensive assessment (e.g., job growth, poverty). However, most 
LCAs focus exclusively on emissions and fossil fuel consumption. An LCA can be one element 
used in assessing a preferred energy approach, along with cost and performance data. In some 
cases, even if LCA results favor a particular approach, an LCA alone might not be the deciding 
factor when choosing an energy process; financial objectives, policy goals, and other factors may 
influence which approach is selected. 



8 For the purposes of this report, greenhouse gas emission accounting refers to methods used to compute the GHGs 
emitted from one or more stages of biopower production. Further carbon flux, or GHG flux, refers to the total 
greenhouse gas emitted or sequestered at particular stages of the biopower production process. 

9 National Renewable Energy Laboratory, Energy Analysis, October 2010, at http://www.nrel.gov/analysis/ 
tech_bio_analysis.html. For more information on life-cycle assessments, see U.S. Environmental Protection Agency 
(EPA), Life Cycle Assessment: Principles and Practice , EPA/600/R-06/060, Cincinnati, OH, May 2006. 
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Figure I. Bioenergy CO2 Balance vs. Fossil Fuel CO2 Balance 
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Legend 



Carbon flow* >- Energy flow 

1 Other GHG and auxiliary fossil energy inputs are excluded in this figure for reasons of simplicity 



Source: International Energy Agency (IEA), IEA Bioenergy Task 38, Greenhouse Gas Balances of Bioenergy and 
Bioenergy Systems, 2002. Adapted by the Congressional Research Service (CRS). 

Notes: The magnitude of the carbon flows, as indicated by the width of the arrows, is a significant part of the 
debate over the carbon neutrality of bioenergy. 

GHG accounting with an LCA can be performed at each phase of the biopower pathway: biomass 
cultivation and harvest, biomass transport, electricity generation, electricity transmission and 
distribution, and electricity end use (Figure 2). The first three phases of the biopower pathway 
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